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Abstract 

Continuous improvement activities are widely deployed, applying the DMAIC 
cycle in the Lean Six Sigma method combined with 5s activities and industrial 
engineering tools such as Man-Machine chart statistics tools in DF SS (Design 
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K rds: ee ‘ oe 
- void For Six Sigma). The results of the improvement activity must be approved and 
Productive Bh operated by the machine operator, measuring the loyalty of operators, users 
Quality: , and system maintainers after kaizen against satisfaction criteria, technicality, 
Lean Six Sigma usefulness and convenience are needed. This study proposes a model that com- 


bines the PLS - SEM method to measure user loyalty and implement a training 
program for users on incorrect performance results to improve CDIO stan- 
dards. The result is a reduction of workers at the processing line from 4 people 
on two shifts to 2 people, and the amount of money brought in is 10,224 USD 
per year. Defect of negative outside diameter decreased from 31.2% to 4.5% 
based on the amount of waste reduction of USD 980 per year. In terms of 
productivity increased from 15 units per hour per person to 30 units. 


1. Introduction 


The Kaizen word comes from Japan and means 
improvement. Initially, the Kaizen term was only 
used within Japanese companies gradually. Kaizen 
is disseminated globally and exported to continuous 
improvement standards In ISO 9001: 2015 (Yuliia) 
. Continuous improvement activities are active that 
mechanical production companies always love the 
top. Combining the DMAIC cycle in the Lean 6 
Sigma method into improvement has been applied 
with tea (Minh) ; a company calls this improve- 
ment from Quality Control Story Action or call- 
ing by Quality Control Cycle. The results of 
improvement activities provide a competitive advan- 
tage for competitors in the joint trading market and 
improve product quality with continuously improv- 
ing to grow together with standards of new tech- 
niques. The results of improvement activities pro- 
vide a competitive advantage for competitors in the 


OPEN ACCESS 


joint trading market and improve product quality 
with constantly improving to grow together with 
standards new technical accompanying . 


Along with the development of technol- 
ogy 4.0 and extensive data, the improvement of 
production activities must also follow technology 
development. Techniques or improvement methods 
must also have inevitable progress, especially algo- 
rithms (Mast) . Removing activities that do not 
bring value-added, improving productivity, waste 
type (Chiu) and improving customer satisfaction are 
common factors that employees improve as well 
as the entire participating staff Production activi- 
ties in organizations always think (Sin) . Precision 
Mechanical Manufacturing Company Implementing 
the improvement of the company’s powerful produc- 
tion tools (Lizarelli) and operating tools on process- 
ing machines and automation machines Machin- 
ing (Castro) . Perform a stage assessment and 


71 


Vo Ngoc Mai Anh et al. 


application of system analysis tools and analytics 
tools from Lean Six Sigma or DMAIC cycle com- 
bined with Industrial Engineering tools for improve- 
ment (Soliman) . However, re-evaluate loyal users to 
use all improvement activities and create an unex- 
pected improvement in improved operations. How- 
ever, there has not been any study implementing this 
investigation. 


In this study, we apply the DMAIC cycle 
in Lean Six Sigma combined with tools in Indus- 
trial Engineering and 5S operations for investiga- 
tion. Mechanical product process analysis Imple- 
ment improvements to remove actions that do not 
bring added value, the stage generates wasteful. To 
analyze the satisfaction of operators’ loyalty to the 
effectiveness of automation to automate the stone 
surface polish at the stage Grinding by the PLS — 
SEM model analyzes the correlation between use- 
fulness, convenience, and technical calculation of 
arguing activities on user loyalty by Smart PLS 
3.0 software. Create training guidelines for user- 
linked users with professional improvement activi- 
ties according to CDIO standards. The study struc- 
ture includes parts organized as follows: Related 
studies are shown in the Literature Review section, 
introducing the theoretical basis and research meth- 
ods to show Raw Material and Methodology, the 
proposed research model app in case Study; Finally, 
the research results. 


2. Literature Review 


Along with the continuous development of the cur- 
rent business environment, as well as the level of 
competition in the market also increased, organiza- 
tions that implement continuous quality improve- 
ment activities are a urgent operation to bring 
the company’s competitive advantage before rival 
companies, tools like Total Quality Management, 
ISO Certification, Agile & Lean manufacturing 
expensive support in quality improvement activi- 
ties (Pugna) , application of Lean Six Sigma tool 
in implementing quality improvement activities in 
the process of processing products to improve the 
quality of product removal products and improve 
productivity (Telma) , as well as improve compet- 
itive advantage for business Production by methods 
such as applying the DMAIC cycle (D — Define, M 
— Measure, A — Analysis, I — Improve, C — Con- 
trol) to the stage, the current process is in need of 
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improvement and cycle DMADV (D — Define, M 
— Measure, A — Analysis, D — Design, V — Verify) 
into the product design process (Monika) , 6 sigma 
cycle into the environment of Industrial Foundation 
4.0 performed on information technology and com- 
munication technology to the Lean Six Sigma con- 
nection in the DMAIC cycle to improve the pro- 
cessing process (Rohin) , Mechanical outsourcing 
companies are focused on product quality improve- 
ment activities and quality processing processes to 
provide results on Fastest Rate of Improvement in 
Customer Satisfaction, Cost, Quality, Process Speed 
and Invested Capital by applying Lean Manufactur- 
ing (Nikhil) , Cycle DMAIC (Define — Measure — 
Analyze — Improve - Control) & RCA (Root Cause 
Analysis) Tools into Lean Manufacturing into the 
quality of product processing processes to optimize 
processing processes, type quitting activities that do 
not bring value-added as well as implementation of 
measurement, inspection, confirmation of gay fac- 
tors that generate incidental products without reach- 
ing and implementing processing and assembly pro- 
cesses (Priya) , Using combinations of tools like 
The Critical To Quality (CTQ), The Voice of the 
Customer (VOC) and Pareto Chart along with Six 
Sigma’s DMAIC on the process of controlling pro- 
cessing products and removal Factors do not bring 
added value along with improving product qual- 
ity (Srinivasan et al.) , Operating in the process 
of processing products depends heavily on human 
skills and operations, in the process of operating 
if the processing parameters are incurred, the risk 
of waste (Ranade et al.) , DMAIC cycle in Six 
Sigma into process quality improvement and prod- 
uct quality (Costa, Lopes, and Brito) , the goal 
of the Lean Six Sigma application is to improve 
the process of mechanical production machining as 
well as improvement from semi-automatic machines 
into automatic machines to improve productivity 
and reduction of waste (Klochkov, Gazizulina, and 
Muralidharan) . 


The PLS — SEM model uses a correlation anal- 
ysis between elements of satisfaction and loyalty , 
building a led and structural model from the user 
survey datasheet and then using Smart-PLS 3.0 soft- 
ware to analyse (Kregel et al.) . To identify and 
evaluate how the indicators affect a user’s behaviors 
using the hypothesis and determining the correlation 
from the value of P-value according to the conduc- 
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tive model (Cao et al.) . User loyalty evaluation 
on an object or one object that users are interested 
in (Tagod, Adeleke, and Moshood) by using the sur- 
vey questionnaire and determining the interaction of 
the characteristics of the medium object user (Ali) . 


3. Raw material and Methodology 


5S Action material 

The production environment in a gas processing 
plant with automatic processing machines jig equip- 
ment is used at each stage for various products of 
different sizes. Practicing 5S at each processing line 
is necessary, as shown in Tab 1. Workspace is free 
items or objects in the aisle, shortening travel time 
in the work area. 


TABLE 1. Structure of operating environment 
5S 


a5 Operation Result 
word 
Seiri Eliminate tools- Need it immedi- 


less & umnneces- ately 


sary 


Seiton Clearly label Visual management 


tools-tools environment 

Seiso Convenient to A clean environ- 
clean ment 

Seiketsu Standardization Culture of practice 
3S 5S 


ShitsukeSet up 5S process Create rule 5S 


Kaizen action material 

The machining environment is convenient in the 
precision mechanical factory. It is necessary to 
evaluate and identify activities that do not add 
value or hinder machining activities from propos- 
ing improvement according to standards. Standard 
Poka-yoke action. Results in creating continuous 
improvement practices, meeting KPI criteria in the 
organization’s business operations, monitoring and 
controlling KPIs to create an organization’s busi- 
ness advantage over other business environments the 
same, similar. Kaizen activities are performed in the 
sequence of 7 steps shown in Tab. 2. 

Lean action material 

Every activity in a mechanical processing plant 
somewhere happens; some activities do not add 
value, also known as activities that cause waste. 
Something needs to be maintained in activities that 
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TABLE 2. 7 steps in Kaizen operation 


No. Name Operation 

Step Identify the problem Collect and ana- 

1 lyze 

Step Investigate the cur- Evaluate the site 

2 rent situation and analyze the 
results 

Step Goal setting SMART goals 

5 

Step Investigate the cause Analyze the cause 

4 of the problem 

Step Set up countermea- Suggest ideas for 

5 sures improvement 

Step Implement the coun- Implement 

6 termeasures improvement 
ideas 

Step Verification & Evalu- Result Analysis 


7 ation & Discussion 


cause waste because somewhere, there is a con- 
nection for value-added activities (Ruano) . How- 
ever, it is necessary to analyze the current state of 
activities in detail with a human-machine interaction 
flowchart to identify the type of waste that needs to 
be eliminated. Camera manipulator video capture 
and man-machine activity analysis is powerful tool 
that delivers powerful results. Eliminating the fac- 
tors that cause waste to make the product flow in 
the processing line more efficient, reducing produc- 
tion lead time, there are eight types of waste that 
improvement operations managers need to know and 
eliminate. To apply is shown in Tab. 3. 

Six sigma action material 

However, improvement activities that eliminate 
machining operations or processes that do not add 
value to the machining environment of a preci- 
sion machine shop should consider process stability; 
minimizing process variations is a factor to be stud- 
ied. The Six Sigma tool called the DMAIC (Define - 
Measure - Analysis - Improvement - Control) cycle 
helps improve the process (and) . Statistical tools 
such as Pareto charts, flowcharts, fishbone diagrams 
and other types of charts are applied to control fluc- 
tuations in the machining process at each stage. The 
content of DMAIC cycle execution is shown in Tab. 
4, 

DfSS (Design for six sigma) action material 

Managing the process by linear regression, look- 
ing for new ways to manage the process to improve 
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TABLE 3. 8 wastes in Lean operation 


Name Content 8 wastes 
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TABLE 5. DMADV Cycle in DfSS 
DMADV Operation of DMAIC 


Over Production output exceeds the 


produc- __ planned target 

tion 

Waiting The choking stage, the flow is 
interrupted 

Inven- Happened dead stock or damaged 

tory goods 

Waste 

Defect Happened damaged goods in 

Waste processing 

Opera- Activities that do not bring added 

tion value 

Waste 

Process- The process is difficult to implement, 

ing easy to generate wrong operations 

Waste 

Convey- Unreasonable layout 

one 

Waste 

Knowl- __ Irrational resource allocation 

edge 

waste 


TABLE 4. DMAIC cycle in Six Sigma 


DMAIC Operation of DMAIC 

Define Collect & process historical data 
Measure Validate & measure past data 
Analysis Analysis of the current situation 
Improve Design & implement innovative ideas 
Control Verify & track results 


the organization’s competitiveness. The DMADV 
(Define — Measure — Analyze — Design — Verify 
) cycle or IDOV (Identify - Design - Optimize - 
Verify) cycle is performed to find new design solu- 
tions into the operation of the manufacturing pro- 
cess (Mariusz) shown at Tab.5 & Tab.6. Change 
management or perform Kaizen work, find, or 
design a new process to replace the old process, 
improve machining capacity, improvement produc- 
tivity and profit. 

Improvement activities eliminate waste, 
increase added value in the organization. Improve 
productivity, reduce waste and increase loyalty 
using post improvement results and Creating envi- 
ronment, training standards and operating results 
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Define Identify needs & Generate Ideas 

Mea- Collect value from Define phase 

sure 

Ana- Analyse the value just collected 

lyze 

Design Design ideas that fit the data you just 
analysed 

Verify Verify & revise the idea you just 
designed 


TABLE 6. IDOV Cycle in DfSS 


IDOV Operation of IDOV 

Identify Define design ideas 

Design Implement the design according to the 
idea 

Opti- Optimizing ideas just designed 

mize 

Verify Verify & revise the idea you just 


designed 


after Kaizen according to CDIO standards is shown 
in Fig. 1. 

CDIO standards material 

Deploying user training or instruction on how to 
translate new ideas into a manufacturing environ- 
ment at a machining plant is essential. Criteria to 
evaluate the results of user training based on the 
CDIO (Conceiving — Designing — Implementing — 
Operating) cycle to improve awareness of usage effi- 
ciency. Put the design ideas into criteria are shown 
in Table 7. Implement the operating instructions by 
the operation sequence tables, the operating instruc- 
tions according to CDIO standards. 


TABLE 7. Criterion of CDIO standards 


Criterion Contents of the criteria 
Criterion Novelty and originality of the idea 
1 (idea, prototype, or product) 


Criterion Logical structure of Kaizen ideas 

2 

Criterion Effectiveness of Kaizen conceptual 
3 design 

Criterion Applicability to practical operations 
4 of the product 


PLS-SEM method material 
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ws? eS 5-Robustness 
2 d 
ee &e* Robust processes 
PA ye Design for Six sigma 
aw i 
0" 6 Sigma 
ee 4-Capability 
X 
oo RS Reducing variation 
oo in-process control 
ae Statistical tools 
oe Lean 
aes | 
Co 3-Stability 
o 
« oe . 
Re Culture eliminates waste 
at + Flow & Pull process 


Kaizen 
2-Overview & Insight 


Continuous improvement culture 
Pokayoke operation environment 
Improvement KPI visual management 


5S 
1-Structure 


Work environment 
Abnormal visual management 


Creating environment, training standards and operating 
results after kaizen according to CDIO standards 


FIGURE 1. Tools in Kaizen activities 


Determining and measuring operator loyalty 
about using and operating designs in Kaizen activ- 
ities by factors of user satisfaction in terms of 
technology, convenience and usefulness of the new 
design. Conduct a survey to collect opinions of 
users, maintainers, outsourcing managers, factory 
managers using a 5-level Likert scale survey, using 
a PLS — SEM linear structural model to analyze 
The analysis determines the relationship of factors 
affecting the user’s loyalty to the results of Kaizen 
activities. The PLS — SEM model performs mea- 
surement through multivariate analysis, including 
five factors: (1) composite variable, (2) measure 
(3) scale, (4) coding, and (5) Data distribution and 
path model. There are four basic elements: (1) the 
research concept (construct), (2) the measurement 
variable, (3) the relationship (relationship), and ( 4) 
the error term. 


Proposing research methodology 


Kaizen activities, design improvement ideas 
to eliminate waste or non-value-added activities by 
incorporating 5S activities into the DMAIC cycle 
of Lean Six Sigma method used by authors around 
the world. Using statistical methods in six sigma 
to evaluate the performance improvement after the 
time of putting into operation at processing lines. 
There has been no research on evaluating loyalty 


through user satisfaction, improvement results, and 
no research results to establish criteria for training 
implementation, establishing user training process 
on instructions. Operate Kaizen results according 
to CDIO standards. 

This study proposes a model that combines the 
PLS — SEM model to measure user loyalty through 
the variables of satisfaction, technical innovation, 
usefulness and convenience of Kaizen performance 
results. deploy the training program to operate 
Kaizen results for users according to the CDIO eval- 
uation criteria set into the 5S, Lean Six Sigma and 
DFSS operational model combined with the method 
shown in Fig. 2. 

The research model proposed to carry out the 
research through the following five steps: 

Step 1: Use 7 quality management tools to col- 
lect historical data, analyze data and select research 
subjects. 

Step 2: Apply industrial engineering tools such as 
a Man — Machine chart, Value stream map, analyze 
the status of research objects. 

Step 3: Apply tools in DFSS to generate ideas, 
design new models, remove models that do not bring 
added value in the processing line according to the 
IDOV model. 


Step 4: Measure user loyalty about the results 
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D (Define) 


M (Measure) [ 


A (Analysis) 


C (Control) 


j (Improve) 


Measure and evaluate factors by 
industrial engineering tools 
(Man-Machine chart, VSM...) 


Analysis Process by 
Quality Control Tools 


Design new action and evaluate 
Results of kaizen by industria 
engineering tools 


Measure and evaluate satisfaction 
Of operators about new kaizen by 
PLS-SEM method 


[ | 


Design POKAYOKE system follow 
FMEA method, Control charts 


Building an evaluation-continuous improvement 
system in the factory 


Design training program of new 
kaizen in factory by CDIO cycle 


FIGURE 2. Propose a model of research method 


of using actual improvement ideas at the machining 
line by measuring variables of satisfaction, technol- 
ogy, usefulness, and convenience. using the PLS — 
SEM model to analyze and determine the impact of 
factors on loyalty. 

Step 5: Build an automatic control system for 
Kaizen ideas that are deployed and operated accord- 
ing to Poka-yoke operating criteria. Deploy user 
training programs according to CDIO standards for 
periodic training programs according to operating 
manual files. Step 1: Choose a research problem. At 
the precision mechanical factory. XYZ product cat- 
egory is made up of 5 mechanical parts: (1) Flange, 
(2) Sleeve, (3) Retainer, (4) Balls and (5) Seal as 
shown in Fig. 3. 

The sleeve detail has an outside diameter 
according to the tolerance of 0/-0.013 and is ground 
on an automatic machine with a surface roughness 
of Ra0.8. Collecting the results of processing Sleeve 
products from April 2019 to March 2020 shows 
that the generated waste rate is 3,522 products, with 
an output of 1,802,000 products, accounting for 
0.21% of waste products. When analyzing waste 
products according to each measurement size, the 
waste products in terms of outer diameter size (tol- 
erance 0/-0.013) are negative, accounting for 41.6% 
(1464 products), detailing the percentage of defec- 
tive products in Fig. 4. 


<> 


1. Flanges, 


2.Sleeve ——_____» 


3. Retainer 


FIGURE 3. Structure and types of products XYZ 


Step 2: Choose a research problem. The 
structure of the Centerless Outside Diameter Grind- 
ing machine includes a rotating guide stone (Feed 
wheel) that guides Workpiece interacts with the 
Grinding wheel for grinding outside diameter, 
shown in Fig. 5. Take a video of the machining 
of 100 products and use the Man-Machine diagram 
analyzed according to Table 8, and the results show 
that for every 12 products, the stone surface must be 
sanded once. Using histogram in Minitab 18.0 soft- 
ware to analyze the distribution domain and capacity 
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Sleeve products defect types (Apr 2019~ Mar 2020) 


4000 
100 
2 3000 e 
e 80 ¥ 
= oO 
S a 
2 2000 ae 
40 
1000 
20 
0 Be 0 
Defect types Ra we x Ss cs & & ro Ps 
es oe & 
Red é a> od Le 
S -< 
OO s 
Le Cs) 
De® = 
Co) 


Quantity 1464 «500 400 294 207 11 «181 146—Ss*147 
Percent 4.6 142 14 84 59 al ska) 41 42 
Cum % 41.6 558 67.2 755 81.4 86.5 91.7 95.8 100.0 


FIGURE 4. Sleeve product defect types of chart 


index Cp, Cpk of the product outer diameter size, the 
result is that Cpk0.62 is smaller than Cpk1.33. 


GRINDING WHEEL 


WORKPIECE 


FEED WHEEL 


ANGULAR TOP 
WORK SUPPORT BLADE 


FIGURE 5. Structure of the Centerless Out side 
Diameter Grinding machine 


Performed a grinding cycle to the 100th prod- 
uct and found that at the 13th product that an outside 
diameter size was generated that was out of specifi- 
cation and had to be re-sanded grinding wheel. 

Check the outside diameter size data variation 
using the I-MR Chart, found that between the 13th 
products after sanding the rock surface is the trend 
of the data going out of the dimensional tolerance, 
shown in Fig. 7 

The time spent for one time grinding the grind- 
ing wheel surface is 120 seconds. Failure to ensure 
the correct frequency of rock scraping will result in 
waste products. The roof operator must count and 
remember the quantity of each product. Depend- 
ing on the human skill, the error of forgetting to 
count, wrong counting leads to the generation of 
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TABLE 8. Man —- Machine chart 


Step Operations Time 
(s) 
1 Press the Start button 1 
pi Perform grinding surface sanding 120 
a Grinding the Ist product 60 
4 Take out the Ist product a 
5 Check outside diameter size 30 
6 Grinding the 2nd product 60 
7 Take out the 2nd product 3 
8 Check outside diameter size 30 
9 Grinding the 3rd product 60 
10 Take out the 3rd product 5 
11 Check outside diameter size 30 
35. Grinding the 13th product 60 
36 ~~ Take out the 13th item 5 
37. Check outside diameter size 30 


(Failed result) 
38 Perform grinding surface sanding 120 
Next grinding cycle - 


Capability Analysis for Outside diam 
Process Performance Report 


Capability Histogram 
Are the data inside the limits? 


Process Characterization 
Total N 100 
Subgroup size 1 
Mean 
Standard deviation (overall) 00035181 
Standard deviation (within) 00027402 


Capability Statistics 


PPM (DPMO) (expected) 72765 
Potential (within) 


Cp 

[~ Cpk 062 
Bench 187 

% Out of spec (expected) 306 

PPM (DPMO) (expected) 30600 


31977 31980 31.983 31.986 31.989 31992 31.995 


Actual (overall) capability is what the customer experiences. 


— —— = Potential (within) capability is what could be achieved 
's were eliminated, 


FIGURE 6. Histogramchart of Outside diameter 
dimension 


waste products. The question is: (1) Automation 
of stone surface sanding will increase productivity, 
eliminating the need for manual sanding. (2) Elim- 
inate human dependence on product counting when 
processing by personal memory. 

Step 3: Design and implement the automatic 
model of surface sanding. Digital Numerical Con- 
trol (DNC) applying the IDOV cycle in the DFSS 
method to determine the current state of stone sand- 
ing at the grinding machine, conceptualizing the 
design of an automation system operating by PLC 
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Capability Analysis for Outside diam 
Diagnostic Report 
1-MR Ch 
Confirm that the process is stable. 
7 


Individual Value 
8 
a 
3, 
Me 
3 
4 
+ 
3 


Moving Range 
. 
* 
” 


2 
8 
7 
= 
- 
- 
- 
$ 
+ 
, 


FIGURE 7. 
dimension 


I-MR chart of Outside diameter 


program connecting the position sensor system to 
adjust the position in and out between the stone sur- 
face with the stone face sander. PLC program algo- 
rithm for automation system. Develop the idea of 
designing the system hardware, using PLC software 
to remember the number of times the grinding wheel 
moves to calculate the equivalent for each product 
surface grinding, shown at the number | mark; the 
position sensor will determine the distance between 
the grinding wheel surface and the product surface is 
shown at position 3, the servo motor replaces man- 
ual operation in the process of adjusting the travel 
distance between the grinding wheel and the prod- 
uct surface, showing at position 2, all shown in Fig. 
». 


FIGURE 8. 
stone sander 


Improved structure of automatic 


The automation system was implemented in 6 
months with the number of employees 4. The tasks 
are divided by each member shown in Tab. 9. Finish 
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the hardware, software and related parts and assem- 
ble them into the grinding machine and put it into 
operation at the machining line. Use video to record 
the operation between man and machine and use 
Man - Machine diagram to analyze and evaluate the 
operation of the new design board, the test results 
of the system after improvement show the stability 
of the system, the time for grinding wheel surface 
sanding cycle is reduced from 120 seconds per time 
to 60 seconds per time, equivalent to the cycle time 
of grinding stage reduced from 104.23 seconds to 
99.62 seconds. The operation and product quality 
are improved, the variation in dimension values is 
low, stage capacity index is improved and reaches 
Cpk1.68, was shown in Fig. 9. 

Step 4: Measuring operator loyalty using PLS — 
SEM algorithm. Make a vote and conduct a user sur- 
vey with improved results on automation of grinding 
wheel sanding by combining motion and control- 
ling by servo motor through PLC program. Sending 
105 questionnaires to the group of machine opera- 
tors in the line, maintenance technicians, technicians 
repairing machine tools and processing line man- 
agers, the results got 100 samples. The rate of mon- 
itoring reached 95.24%, shown in Tab. 10. The path 
model of the PLS — SEM algorithm is analyzed by 
smartPLS 3.0 software shown in Fig. 10. 


TABLE 9. Jobs of Kaizen team 


Employ- Operations Software 

ees 

1 Project Leader - 
Mechanical part Auto cad 
design software 

3 Electrical part design PLC 

Program 

4 Processing and CNC 

manufacturing Machine 


TABLE 10. Sample for surveying at processing 
line 


Dept Gender Quantity Percent (%) 
Operators mee - Ss 

Women 20 20 
Maintenance Man 4 4 
Technique Man 4 4 
Supervisors Man 3 3 
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Capability Analysis for Outside diam 
Process Performance Report 


Capability Histogram 
‘Are the data inside the limits? 


Process Characterization 


Total N 100 
tsk USL Subgroup size 1 

I i Mean 31.986 
Standard deviation (overall) 00011449 
Standard deviation (within) 00011283 


Capability Statistics 


% Out of spec (observed) 0.00 
% Out of spec (expected) 0.00 
PPM (PMO) (observed) 0 
PPM (DPMO) (expected) 0 

Potential (within) 
¢ 


5% Out of spec (expected) 0.00 


31.980 31,983 31986 31989 31.992 31.995 PPM (DPMO) (expected) 0 


— Adtual (overall) capability is what the customer experiences. 


— — = — Potential (within) capability is what could be achieved 
process shifts and drifts were eliminated. 


FIGURE 9. Histogram chart of Outside diameter 


dimension 
7 ee 


‘ 
= : 7 : 
“ Cav vat 
0.785 9574 gas 0815 0831 


nents tn molen mem toon 


FIGURE 10. Path modelof the PLS - SEM algo- 
rithm 


Hypothesis testing on the impact of factors 
in the indicators for the index of loyalty using the 
improved star device on users.. H1: Considering the 
impact of user satisfaction factors on improvement 
activities, survey six factors related to improvement 
activities, analyze the correlation between satisfac- 
tion and loyalty. with improvement activity. H2: 
Evaluation and validation of technical criteria of 
automatic improvement of automatic stone check- 
ing table through 7 factors, performing analysis of 
the correlation between technical requirements and 
loyalty using improved results. Advances related 
to placing technical properties. H3: Correlation of 
results of improvement activities in terms of conve- 
nience in use as well as ease of operation for users in 
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terms of automation of grinding wheel cleaning ver- 
sus user loyalty Using the results of improvement 
activities by five criteria. 


Post-improvement product user evaluation is 
one of the new activities in the continuous improve- 
ment environment. This is a new point to pro- 
mote and also a point to be replicated for other 
improvement activities and especially for employ- 
ees of the improvement department. Increase aware- 
ness of improvement results and get user feedback 
on improvement. Then use smartPLS 3.0 soft- 
ware to analyze survey results; the results show 
that the improvement factor affecting loyalty (H1) 
has a strong correlation with the P value of 0.01, 
the factor of convenience. The advantage in using 
improved results of stone surface sanding table has a 
strong impact on loyalty (H2) using highly improved 
results with a P-value of 0.00. However, in terms of 
technical factors, the interaction on loyalty is unsat- 
isfactory (H3) with a P-value of 0.54. This shows 
that from a technical point of view, the improvement 
team needs to re-evaluate and consider improving 
the improvement activities in technical terms for the 
next improvement activities; the content of the anal- 
ysis is shown in Tab.11. 


Step 5: Develop training program to operate 
the system after Kaizen according to CDIO train- 
ing standards. Conceiving: Team Kaizen assessed 
the scene at the grinding machine stage and used 
the Man-Machine correlation chart to analyze the 
interaction relationship between the operator and the 
grinding machine operation, determining the prob- 
lem that needs improvement. Design automation 
system for stone screening table. Designing: The 
innovation must meet the criteria of convenience, 
ease of use, safety and cheapness. Kaizen team 
designed the ideas and brainstormed each other’s 
ideas to choose the best design idea to meet user 
requirements, improve user satisfaction in terms of 
convenience, technical design table optimization, 
convenience and portability. Implementing: In order 
for the design to be put into practice, the Kaizen 
team conducted a survey to collect opinions from 
operators at similar grinding machines in the fac- 
tory, technical units and managers to collect ideas 
and perfect the design. Operating: Finally, the team 
completes the final improved concept design that 
fully meets the criteria from 1 to 4 in Table 4 and 
puts the idea into practice at the machining line. 
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TABLE 11. Path coefficient, T — value and P - 
value of PLS estimation 


Path Path T- p- 
coefficient value value 

Useful -> loyalty 0.33 2.54 0.01 

Convenience -> 0.33 2.92 0.00 

Loyalty 

Technology -> 0.10 0.61 0.54 

Loyalty 


CDIO (Conceiving - Designing - Implement- 
ing — Operating): In order for the Kaizen system 
to operate according to the operator’s requirements, 
Team Kaizen has built a training program for sys- 
tem users after Kaizen showed in Tab.12, to help 
users understand the purpose of Kaizen. Benefi- 
cial to the company and simple to operate for the 
operator. Training users on the automation of the 
grating table as well as the operation of the grind- 
ing machine system according to CDIO standards. 
The post-Kaizen system operation training course 
for machining machine operators, machining line 
managers, workshop managers, and system mainte- 
nance personnel consists of 6 hours of theory and 24 
hours of practice at machining machines. 


TABLE 12. Kaizen training syllabus 


Sources Content Theory Practice 
class class 
hours hour 

Kaizen overview 1 0 

Lean Six Sigma 1 0 

overview 

Pokayoke theory 1 0 

Work design overview 1 0 

Basic electronic 1 0 

overview 

Kaizen system overview | 0 

Kaizen system operation 0 24 


and practice maintenance 


4. Result and Discussion 


Evaluation of efficiency verification from improved 
automation of grinding wheel sanding in 2 months 
after Kaizen, which brings efficiency by reducing 
waste on the stage, improving productivity as shown 
in Tab. 13 and increase operator loyalty to the 
machine. with Kaizen activities in the organization 
of mechanical processing factories. 
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TABLE 13. Result after Kaizen action 


Contents Reduces Reduce 

ratios ($)/years 
Person -2 +10,224 
Defect - 85.6% +960 
Productiv- Before: 15 After: 30 
ity(pes/h/man) 


Automating the stone scanning operation at 
the grinding machine, the operator has spare time 
and enough time to operate the remaining machine 
at the machining area. After analyzing the time 
according to the Man-Machine diagram and calcu- 
lating that the staff has enough time to operate the 2 
machines, the type according to the current layout. 
The results show that before Kaizen, 2 people oper- 
ate 3 machines, after Kaizen, 1 person operates 3 
machines, see Fig. 11 and profit is 10,224$ per year 
in terms of labor costs. Product quality is stable and 
reduced from 31.2% to 4.5%, 85.6% reduction in 
profit is $960 per year and machining productivity 
at post-Kaizen grinder increases from 15 to 30 pcs 
per hour per person, see Tab. 9. 

The grinding machine after Kaizen from semi- 
automatic is completed by connecting the servo 
motor and the PLC program, the system has been 
put into operation, as shown in Fig. 12. 


a 
= 


After: N=1 (Person/Shift) 


a 


=> -& 


FIGURE 11. Layout before-after Kaizen 


and 
@ 


Outside RG 


© episul 
© episu 


5. Conclusion 


Kaizen activity delivers visible results with real- 
world improvements on automated machining 
machines, such as this case study on improved oper- 
ations in a precision machining plant. Innovation 
brings the change from semi-automatic to automatic 
operation, eliminating wasteful operations such as 
stopping the grinder and sanding the stone surface 
that takes up to 120 seconds at a time. However, 
when automation is improved, the time is reduced 
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FIGURE 12. Actual automatic machine after 
Kaizen 


by 50% compared to before the improvement, and 
the machine works continuously and non-stop; the 
operator has more time to operate an additional pro- 
cessing machine next to it. Earnings from reduced 
labours costs are $10,244 per year from improve- 
ment activities. In addition, the application of the 
PLS — SEM method to investigate the operator’s 
satisfaction with improvement activities and perfect 
the training methods to meet CDIO standards con- 
tributes to improving customer satisfaction and sat- 
isfaction. The loyalty of machine operators at the 
machining plant is high and reduces job abandon- 
ment. 

However, scrap products still arise at the rate of 
4.5%, and there is no product quality control system 
at the processing line, no system to check for defects 
in the appearance of surface roughness of the prod- 
ucts after processing according to the standards max 
Ra0.8, at the same time, the control of WIP goods 
at the stage is still open. From the limitations of 
the study, we propose future research directions in 
3 directions about data, target and IOT connection 
(Internet of things), as shown in Fig. 13. 
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Targets extension: 
Target | (1) Surface defect detection 

(2) Adding the tool condition monitoring system 
FIGURE 13. Future work 
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